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HOT ROLLED FERRITIC STEEL FOR 
AUTOMOBILE EXHAUST MATERIAL 



11S»%^ Cr + 3Si+ 4Nb- 50(C-HW>)- U 

D ^ 16.5 mm% 



ABSTRACT : PURPOSE: To obtain a heat resistant steel having superior high temp, strength and 

workability at ordinary temp, by the ordinary hot rolling and annealing methods by adding 
proper amounts of Nb and P to a ferritic stainless steel and regulating the amounts of 
other contained elements to optimum values, respectively. 

CONSTITUTION: This steel has a composition consisting of, by weight ratio. <0.02% C, 
0.4 to 2% Si, <0.8% Mn, 6 to 17% Cr, <0.015% N, <0.02% Al, 0.025 to 0.10% P, 
<0.02% Ti, <0.02% Zr, 0.35 to 0.60% Nb, and the balance Fe with inevitable impurities 
and containing these elements by the amounts (%) satisfying inequalities I and II. A hot ' 
rolled steel plate of this composition, annealed at 980°C and having a 2mm thickness, is 
characterized by <350MPa proof stress at ordinary temp, and >34% elongation and also 
has characteristics in which high temp, proof stress at 700°C has a value two or more 
times that of SUH409L and also high temp, proof stress at 900°C has a value about two 
times that of SUH409L. Moreover, this steel plate is free from abnormal oxidation even if 
heated to 900''C for 200hr and has excellent high temp, salt damage resistance and TIG 
weldability. 
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C«J5S] afi%-Z?. Si:0. 4-'2;Cr:6-'l 
7;P:0. 025'-0. 10, Nb:0. SS'-O. 
6 OT. JBlT^i-rnfc. C:0. 02:Mn:0. 8; 
N:0. 015:A1:0. 02;Ti:0. 02;Z 
r : 0. 0 2£tT'r, d^-Z?, 1 3 (C + N) ^NbT. 
1 1 r + 3 S i +4Nb- 5 0 (C + N+P) 
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Cr : 6: 



Al : 0.021 



[MM 1 ] C : 0. 02*S%eAT 
Si : 0.4 SS%~ 2SS% 

Mn :o.8 mm%&rf 

~17SS% 

N : 0.015 »»%etT 
P : 0.025 0.10 m.&% Ti : 0.02M 

%&rF 

Zr : 0.02M%OT 

Nb : 0.35«fi«~0.60«»96-C. *^E4)^©«a%;&n^ES5: 

(1) fe±r/(2) sjftsb, 

SC(1) 13(C+N)^ Nb 

iC(2) liaa%^ Cr + 3Si+ 4Nb- 50(C-m-H>)- M 
D ^ 16. 5 M&% 

[»*«2] C :0.02ma%JitT 
Si : 0.4 2SS9£ 

Mn : 0.8 SS^fiAT Cr : 6S»% 

~17M»% 

N :0.015a«%etT Al:0.02SM 
P : 0.025 SL&X-^ 0.10 Ti : 0.02SS 

Zr :0.02«»%jiiT 

Nb : 0.35«S%~0.60M%T, ^4)^0«*%*JTEiC 
(1) *3j;Dt(2) ^^SL. 
^(1) 13(C+N)^ Nb 

S;(3) lia»%SCr + 3Si +4Nb -50(C+N4f) -Md + 
(Mo4Cu)^16.5Sfi% 

Mo: o.im«%~ 3.oas%*5j;i;^cu : o.iaa%~ 
1. om.m%f)^^m^-^n^'pfs.<iz^im, 

[a*J«3] C :0.02mm%UT 

Si : 0.4 2a»% 

Mn : 0.8 fiS^g^T Cr : 6 £5% 

~17M% 

N : 0.015 S«%£AT Al:0.02a» 
P : 0.025 Sa%~ 0.10 Ti : 0.022^ 

Zr : 0.02a»%JJiT 

Nb : 0.35««%~0.60M9S-C, ^4^®a«96)&«TI3S; 
(1) i5J:Z/(3) &SStSb, 
iC(l) 13(C+N)^ Nb 

iC(4) lia«%^Cr+3Si-HNb-50(C-HW>)-MD-Ni-C(H-(McH- 
Cu) ^16.5£S%$&i:. 



(2) !t#M^8-36-98 

2 

Mo: o.isa%~ 3.osa%*5J:iy:cu : o.iaa%~i 
£a%*^e.s*?^n^^^c< i i a, 

Ni.Co: Ni 1 «a%J!JAT*3J;C«;o 0.5aa%£AT75^e.il 
[0 0 0 1] 

[0 0 0 2] 

800*CfiL±»C±#b, «^5fefi6ffl$nTVi:t 5iinii» 

20 a«©«4«iiis^eto»!ijfix=^^y-xhvx7*-ji/ 
a&sv>»T;U5^-y=^^a3IS©x4^\/— 7> h/t^ 

~yvt—)VY\Z\t 1.5~ 2. 5iimi]Piga?©IBIfett. SnH4 

Mx.vt:.mt)\ ^fcx^^y-xh/wyicfc, ^nti^ 

5mmi¥£A±©^WTe&-5fefe, 1. 5~2. SmmffigSWX 

30 5=->^xsisic-rsci:-e, -e-©sa^si:+%6ja-r-& 

:i t*iW«lT* D . a»*ife«:©jSK»Bfe«©Sft*tt:^# 

tf© N0x«s:^it-rs&i!«t©stt^*&*»3{c?i#m 
iC'eeffl$nTti^>^7^>'^x9itt, ^tbrisc. n© s 

l]H409L»IT^^. 
[0 0 0 3] c:©<t:'5tC, Sim409LS©X^V— X hV 

40 Miex>v'>tt«g©Vi-rn©;i;{C:feViTt)t^3l5*?T»-5 
^<l&«X4^y-XhTX7*-;WH. TJU5;<-v^»iS 
©x:^^V-X h/t-f :/«rffltifcfe©J;OfiinT*0, E 
5n)£:5tlllX^;|.=^i-j&Sgi5*«I-C^, mi}7.<D^m.^(Dm 
]^»$r^fi©ft*BtC45tiTa/hfE(Cff $ A ^.n^p^ic 

T^^uxiiSwx^^i/— xhvx7*— ;uH. x=^^'/— 
X h/i<:7^©«ffltt-ss*aic(Ee.nTLs-3TVi«.. 

/a*3OT©% «#l;»r ^ ;5:Vi|® 0 aaSfi S^T. 
[0 0 0 4] (DSSnxh 
50 WfgBL'fcX5">kXJHtt, S!S$*g«S©nXh*«iiet. 7 
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7->uxmm-vii. /wf. «vj-rntc:feHTfc, mm 
[0 0 0 5] (2mx<Dmm^ 

^mmmm.ttnizsnrzmumti-^^i&rnt. ^<d^. m lo 
mt^m.-n$>*)^m^\zm^-Q^^. ip-^ffinfesaw 
•hifi&^^u:it.\m^\zmm-^^^. -mzyj^^y-tv 

ii5»ll*14 SriSI^ L ^ i^iacDUnXttS&T S t' © J; 3 IC 

[0 0 0 6] m^vi. mwimmmMn^w\z^\-y^^^ 20 

SJIftLT, i|#ffl^4- 7 4 8 5 2^ii^*t^^o ^© 
4#MIIS 60-145359 ^ii«(DSP4640722) fc, f&H 

25%. Nb^ Q.zxm^^ts^umy 3L^-i vmoim.m'^ 

K^^nxts?,. croS^gTli. Ti, Zr. TaCDJ;-5ScNb 

JjDXttTtt, S«*»a*j<Bf^®jDXJ::tt^i-5j-t?ab so 

[0 0 0 7] Sfc^^sp 1 -4 1 6 94 ^^ffi(USP4286 
986) Cr/ll~20%, eff. Nb/0.63~1.15 

(OfzHbiZ. eff.Nbf±0.63%j^±-^^L-TVi-£>®T?$)O, 

-ti--5). cnecOW^ftlClibT. #^¥1-4 16 94 
(USP4286986) ©SJgfS^ < nS. L T*i T. m<r 

mr^m-t. igiiDxtt*<s*$ns*^^»Ttti)nxtt** 

[0 0 0 8] ifc^KBS 64-6 8 44 8^ii^(USP48 
34808) lr*t'JTCr/10~255B, Nb/0.1~ 0.6SS, Ti/ 

0. G3~o. z5%^±^^h\.x'^^t^m(D^^mi)m^ 
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if^m^^\t. Nb. N B^s^jr-ga-rn^, ep%*5! 
s«sa«i8®5Dnxi4*fiTs-ii-.5. mmm!sm.mv:^m 

m\Z%^fS.tX!ill^^%^\Z\t.. C, N ^H^f-S^Jt-fb 
7C*(Ti,Zr.Al,Nb )(Z)4>T. #{CNb^3^^in, 

[0 0 0 9] C^:ST##{3±tfT^fc!lg3KS?fi(DM^ 

m^^m(r>m'&.^^'tnoym%n.^^o —mz^m'^m.m. 

Unxtt*5£^5;ifflji$^atc*5;*^;^Vi35^€fO. mmm&i 
)KliT©tOXit?£Wffi-r-g>W4;&ti. C©J;5^^5&»e> 

[0 0 10] USP4417921(Ctt. ttti^WjgCri LTDDXtt 
©f6l±Srtt*>ofc8iO««l*^W*2nTti^. c:n«. Cr 
/11.5~13.5%. Nb;feJ;^//ifcttTi/ 0.1~0.75%* 

3E^5i-<hLTli^c m-e-Nb. TiSr#fli;^fe©i:bT;te 

ffi. (mm9[-<0^^it7tm. CsJA^Ti. Zr. Al«^Sj|6 

«ii*?iiT©ioxtt{c*#-r&oT, u^TiKosti^-r-s 

tf. IISG4304JC?gSSnTl'i-5giraBEM::^5^>U7.ai« 
-ettSUS447Jl. SHS3M270 2afrr>ViTttP/0. 035getT 

/0.04%etT{xa5£SnTt^«)) Sr. jStt«^*S-&S 
wtT, j!»JCSiM^llt<^88-Z?(DjDXtt*t|Bj±f -SCi. 

0 . USP4417921 1 «^ < o fcS^SS*^ ^ 

m-t^m2 <ommmMf>m-r^ v \z. mmm^^mcDta 
xttttt)-r*>Ld^itij±-e-r. ^m^mm^mmmmizmm 

CO 0 1 1] SfcUSP3997373lCtt, ItlftW^SCr 
b, Cr/12~14%, Nb/ 0.2~ 1.0%, C+ N + Si+Mn 
+Mo+Ni+Cu^O. 75%t:±^^tVX^^-r^m^O^ 

SJ^Sifi-t?©|gg!EDtt«rSPffiUTOS. Sfc. C. N . 
Si, Md, Mo, Ni, Caft*«r:<DI5HTlt. CiU^MZ^-d 
X\t. iSiaicfet^T. gSrlSlC^Sib. 7x7-f 
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5 

*J?^^^(cv;i.-7^>-y-f h (a' ) fflic^ffiL. n^jv 

r-S. USP3997373Ttt, Al fj^^i^i^t ^tlTt^ 

lC^$n^llJ£«R|T«0.05~0.25%^S 

*^©J;5tc. ^M^lc:7x^< ^^^^ 

nii. ^Mi^^^JlTli. Slli*»»*J|sfffl^©lniXlC 
©*5eit7C^Tfc*Al. Ti. ZrH*S{D±5tC«l^{C^ 

7>ss*s Bmmm^mmzmm^0i^m-^(nmm u 

SIil6^1rt6T?J&<b. -5-C0S**>e., USP3997373t2t:S-C 
[0 0 12] HftM^^ftlttSlTOigi 

m<Dmn^^<Di:3fs.^mmmfmn\zmm-r^m^. 

m5BLfcJ;5lcSe*S«THiDXttroSil$*?#5. 

mmmm'i^m-vcDmmafi^izfs.ifi^^, 

ai-r^itiU«^-C^-rJ;3{cSlfS{clg;DnxttL*^;'S:<. * 

[0 0 13] f^M«Oljnx14SifffiLfcM^ 
t LTtt, !|#HBS 5 7-8 5 9 6 0-^^ffi(USP433147 
4)7j^i&-5o Cr/12~26%, Nb/ 0.2~0.45%. Al/ 0.1 

z(D^2tz^-^n^^i^m\t. vi-rn "bAi/ o.i%@s 
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T^^i-TSiPXtt^WL^JicVi. 

[0014] Sfc, #M¥4 - 2 3 2 2 3 1 ^^^{C 
li. nxh. ilDX'l4®.^*»e)<g;CrtLfcCr/ 5~11%, 

V/0. 01~0.10%. /O^r? (Ti. Nb, It, A1, B 75^6.8 

K^b. I^M^iiE«CDJnxeS:[oI_hS-arT^:>^. 

si). Nbt^coteOTi, Zr. Al bT#;lT 
*5 0, *Sft*fiSaitttJI/^^. 4#M^4-2 3 2 2 3 

m^j>mizmBLx:$>^^viz. ^LCDmms.. 

jigLfev;i.5^>u--f h (a' ) m^0m\z^mvTh-^ 

m.^nm^^xit. ^<D^^\za' m^^^tEt^t, '^m 
20 •rs*?BiaB»o«4®ife«jc*-ri5fc. musaum'^ 

<o c:cDj;p7i^sgl5oirax'tt, ^it-f 

**$n. C, N CD SUH409L©.i 

fs.r>. ^©±-rS5Jinxtt*^^5,n^ct5^«S^J-«eH{cE 
50 5tbT43D, !|tM¥4-2 3 2 2 3 l^ii^iCM^Sn 

[0 0 15] $e.JC, USP365073 ITtt, Sgijai 

zLZL-c\t. >^^r)v\f.-m\t^^mt^tz.sb\z. m 

M«*'CD1600- 2200'' FC^feViT, 'i>1S.< il% b 0 %ifl r 
[0 0 16] (3)ii5iDXl4^a-2)fcJ5<D!|^»7iSjgit{c 

7.5>-:fisimmL&. fc^v^fif^rajESMteisstta^i 2 

50 ig:^asrfT5t. mm.u—)V(r>mn. m.Tmm<Dm±\z 
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[0 0 17] 

M^S&iaS(SRT) ;5n250'C(r*>ViT. l^®«feit<^^<D*f 

$ ^. tc K tt^x > v> > IC J; ^ ^mts. H ^ Bjfg i: tS: 
[0 0 18] 

S 1 o88«tt, 

C :0.02SS%KT Si:0.4ma 

Md : 0. 8 «i%J!^T Cr:6a«% 
~17«»% 

N : 0.015 sassetT Al:0.02aa 

P : 0.025 «a96~ 0.10 Sa% Ti : 0.02Sa 

Zr : 0.02fia%£tT 

Nb : o.35fia%~o.6oma9s-e, 0StMo>m.m%ifiT^^ 

(1) l5<t(:^(2) ^^SL, 
^(1) 13(C+N)^ Nb 

it(2) umax^ Cr + 3Si+ 4Nb- 50(C4lW»)- H 

D ^ 16. 5 mM% 



i36 



to 0 1 9] *^BJ©m2©Sgmtt, 

c : o.o2aa%etT si : 0.4 

%~ 2aa% 

Mn :0.8 mm%&rf Cr : 61 

~i7aa% 

N :0.015aa%£tT Al:0.02ma 
P : 0.025 aa^-^ 0.10 Sa% Ti:0.02Ba 

10 Zr : o.o2aa%e^T 

Nb : 0.35a«%~0.60a«%T. ^:5[)-C»aa%*«TtBSC 
(1) *J;at(2) S^SSSL.. 
5S;(1) 13(C+N)^ Nb 

^(3) liaa%^Cr + 3Si +4Nb -50(C+N-4») -Mn+ 

(Mo4Cu)^i6. 5aa% 

^stz. Mo: 0. iaa«~ 3.oaa%*j:yfcu : o.ia 
a%~i. oaa%die.M*?3n^i!>;^< iife 1 a, s 

20 [0 0 2 0] 3 <7)l8^tt, 

c : o.o2aa%£tT Si : 0.4 aa 

%~ 2a«% 

Mn : 0.8 mMX&rf Cr : 6aa% 

~i7aa% 

N :0.015aa%£iT AI:0.02aa 

P : 0.025 aa%~ 0.10 Sa% Tl : o.o2aa 

Zr : 0.02aa%£iT 

30 Nb : o.35aa%~o.6oaa%T, ^^j-oaa^sT&^TES; 

(1) :fe±tf(3) &iiS£U, 
SC(1) 13(C+N)^ Nb 

iC;(4) liaa%^Cr+3Sl-KNb-50(C-+lW)-Mn-Ni-C(H-(Mo+ 

cu) ^i6.5aa% 

SSIC. Mo: 0.iaa«~ 3.0aa5K*5j;t^Cu : 0.18 

a«~iaa%*>e.s#i^nsii>75c< tt>ia, ni.co: 

Ni 1 aS%£iT*3<J:Z/Co 0. 5a«%£tT>&^ e>g#i$n 

[0 0 2 1] ZLZ.X. MnSr 0. l%£tT fT ^ Ji^OM 
1.^2 Sfctm 3 CDSi«tCl2@OSili*»mt*ftffl«l 

[0 0 2 2] S^. CrSrlO%~15%fr-S±jeODSi&* 

[0 0 2 3] Se)IC. P2r .0.030%— 0.070% t-r -Si: 

[0 0 2 4] ^fc. PS: 0.040 %~ 0.060% t-rSJij^ 

50 [0 0 2 5] $e>IC. 13.5^ Cr + 3Si + 4Nb + (Mo+C 
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(6) 

9 

u) - 50(C+N+P) - Md - Ni - Cogl5.5Tab-5±j^CDg 
[0 0 2 6] 

d^'abif }?AT\z (A) -(C) wpiffisqit^ns^ 

[0 0 2 7] (A) nmmw^%istnmm(Dta:L\z\ii. mm 

(YS) *t350MPaBAT©**MTfen , S t ^ £<Z) JnX tcW 
3t:ll(C-^*$n^r t«Vi5STt>;& 

[0 0 2 8] (B) !2>Sa:$n-l)i«£!t#tttt£tTc?!)J;5»C 

±#-r^«in]tc$>^. tseoT, 700'c, 900 

"CT, SfelBS!{ktt«:^»tf' 730"C, 830*0. 930'CT 
^j6T 700*CTO;r©#ttSri¥ffiLfc. 

[0 0 2 9] (c) mmmm.m.-^m.^-r^n. mms.^<D 
m.ffi'^m\zis.^\z\t. *«feiiEf»s«©o'c-c©>'^;nf 

-5. 

CO 0 3 0] STC©ct'5:!a:iglinXtid^t3ii5Viigia!|#14 
tC<g;iaTCDf^S<£fgr^i]-a-r. ai^XigT*-& SRT*ti250 



t^m^B-z 6-« 8 

JO 

setc (3)iSb*Stft«i6ftL.Tro3£5i-nciitKlfc 

^. ^(D^ofS. (1)~(3) SriS§S-r^^^^?^S:«fel>tLfc 

[0 0 3 1] (1) ai^CD^I^^'tCjoViT, IP*.. SRT12 
SCCig^fCiiV^T. 2mmtif ^T^Mb;*t^»C. 
ife^j£^S^clraXtt<£:^^{Ctt. 0 1 iC^fi 3 IrNb/ c 

i, It, AlT«S^fc<linXl4*^|fil±b/=cV^*lcag-r 

^i£:^s*«*-g>. — )StcNb. Ti, It, k\(Dm.im\t.. 

>io;^*i!)^3^-r. ^itftc. mm^m^ zmiivxn 
Lfc, }%mmm^(r)Wxs\m.^(Dm%nmz, m/ c+ 

N . Ti/ C+N . Zr/ C+N , Al/ C+N ©iiini{C^t> 
T. [Rj±-r^. *fc*UCliNb^Jin33{CTi, Zr, AIS:« 

^^irabfc^^ofSiM^iiESojnixtt^r^-r. v^rnfe 
Nb^fflj^JDSItciiiE-^T. lraxttd5<i;T-r.5::t*saa$ 
n-5. ^:®J:5icSRiMSiit«©anxttnSi±«. 

^caiffifiKtC b;5:ttniS|Sft®SI^«<DlniXl4[^0-h«M^1? 
#;a:VitVi5fr^;^c»m*^*»^nfc. lastt, Nb/ C+ 
N =20.9 (»iA(a)) a:«ffl»?SUH409L(b)©S8iMSfe«iE« 

[0 0 3 2] «2 ICttNb-^WSdi^^kbfcftiOTfejSI&fc 

fSi®«© 0 "C -> ;nf -KJRx:^;i.=^i— ©^fl:=£^-r. 
Nb«*?#t^^a, «Tm«*^ii^. MYk-r^.. Nb©*gjkfs 

[0 0 3 3] mz:^m\zii-Dxmmis.-pm(r>^^\z-D\,^ 
0.02%ijtT{c$-eteMbfc»9'feMe.n^. vt^x^. 

a«®inxi±€-*^t$-a--5c:i:^, $ e 

a ^ « s -e « p tti^MSiifitg© jDxtt * tr L ^ iRj± ^ -a- 

Z.L\t. 3X h©*^*^.&BJPXS©feB§'ft*i"SJtg-t?* 

P^«*Sr^fl:S-&;t»i©#y:. iSttwai^ig^ 

<&^-r. P»* 0.0429S. 0.05896©J:-5{CIISG4304* 

iexT^*$-&T=bSnxft©*MI:t*::^A^tJL5 Jisic 

M^^nXl^^P U"^;!^ 0.026%. 0.036% (affi,B)J: 
0 fcffinfcfflXSr^L. SfcYSfet5tA.i:^-fkL;iV»C 
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n 

[0 0 3 4] «4{c«. :^^mmiittmmo:>0!L^CT, s 

i. Nb. C . N . P . MnroSfiSS-r. Tffi5S;(2) Sfc 

Mo, cu, Ni. Co miamoy^^it. dneo^iwTc 

^(2) 11S»%^ Cr + 3Si+ 4Nb- 50(C-m-tf)- M 
D ^ 16. 5 £5% 

-t, *4li. JnX/l7^— 3'— Pa=Cr+ 3Si+ 4Nb-50 
(C-HJ+f) -Mnt?ftMeia«©#CKt^SgBCDlniXtt®H 

■^^r^-r. Pa*^16.5Sr*i^^t, Vi-mcOil=bfifeWf#(y^ 

i!)*Sf^«Wffl)^«tDXIcW;^;SVi. — p^, Padni?^^ 
Jjnx#fFffi«, E5©(a) {c^-r?^4^©-y->:/;PS:> ^ 

Iti^S eOOmm/min . ^ffi«8g200A. >tM®«Dfi^Ar-e 
15L/inim?->-;Ub/S:*fi=-C, (a) tC^-r<fc-5{C TIG^ 

(b) \Z7h-tiiO\zmtl-r\Z 180«fttfi)DX-r^-2)*»5*i 

CO 0 3 5] H2 3SiMfilfifi«®linXitlCS{i-rCr 
a©iK»*^-r. Ti. Zr. Al^JinfllOS^, CrSfiT»C 

j:o*D-r/5»ic#msrp]-h-r^7&<. Nb. vmimf^t.m^ri 

Cra®^JCj;^JPX<4©rp)±f4*3-r35^Td5 0, SS 
tTS34!Js;fit±©«»f#t^lCf*S<X«7a:V»o IP-^, Cr 
«0<g;MlC<l:^il5JDXl4ffc:fc*tt-ei4. 

«5lCttS»gE(DS@fdntrS.S-rN, Nb(0:KSS:^ 
T. N*«0.015%JEAT, *^:3Nb 0. 69ge;TT?ttSSf9n 

[0 0 3 6] (2) m&m^WL(D^mMt)^m^vt:Lm^ 

*6IC^-r. *^?lSiT*-5NbSlina© 700'Cgja 
W*tt. TI. Zr, Al^Snai^iSffla? SDH409Ltlt«UT 
2teK±Sr^L. 900"C©S5iaW*^ 2f&ia<flin 

[0 0 3 7] (3)WKflSl±lCliLTt), JSM^&ES^rffl 
V»T«it4Lfc. 2l7lC3Sffl«SlIH409Ltit«L,T*^iq 
SicDHKIkiS©— 09S:^-r. a7lc*-rffl«®m^. 

a*-C730, 830, 93013-?. 200^Pp1S5cff 



(7) 1^^18^8-3 6 9 8 

12 

fzo mmm sijH409L*t ssot:. 2oommx'm'^mitvft 

[0 0 3 8] ^©cfcp^^^Wig*. ip^v Nb^ffi^jD, 

BW}mmm.tmmmizmm'sim:fa:^i3.misajL^mmy 

e-C g l!j*tffm«i^ffl^O)inXJC^**& BJtg;iiS|jBXl4Sr 

%mmiz^\,f^&it.mm.^a(D'^^m(ofsi^mm^m^ 

-5, 

[0 0 3 9] C : C\iy oL^-f hlgcD^jett. iDXtt, 
^L-<tt, 0. 01%e4T-Ca&S. gfeSSKtt. 0.006 
20 [0 0 4 0] Si : Sitt, WK'ffctt. iiSiaJfii^!|tttSlnI± 

2^ffl^iCt4g<i; 0.4%i£^®Tfe-5>. * 8 tC^-T 

#i;C*«5^'fbb. #{C2%&a^T-^%$1t^i:, # 
YSOJi#j&«:<C#Vi. J;t3T 0. 49«£t 2 
TtT^o a*b<«. 0.8%£A± 1.3%JKT-e*S. 
30 [0 0 4 1] Mn : Mntt. :7x7-f hffi©^5£tt, K^ft 

14. m-j.mzm^fs.7tmxi!>z>ifi. o.8%*-c<D-^«-e 
o.05%eAT-efes, 

[0 0 4 2] Cr : zt\tmm.«:.^^mm- ^ititxz&mis. 

7tmx&^, 6%*SiT?l4<fi7cSiSrt*©<k-5lCS§fiLT 
fc*ffl^|SlltOJH]Xte. WK<t<4S:58«T#J&Vi, - 
179S«:«A-5i:. 0 2 IC^L-feJc^JcUnX^O^^ft: 
**;*:^<. *fcnx hStc;fS:-5fc*6Sg£il±l7««TC 

«10%«±15%JKTT»S. SfcMibl-iieHttlOJSet 
±12%£ATT?&-5. 

[0 0 4 31 p : Pt4, :^^^\z^^^xm.wis.7tm<r>— 
■z>x$>^. '^^^«im.m^w<S!!ii^rix\,^tzf)y m^m 
i$4^clgT'roiinx<4ictt. ts\^^—^m^^^txx\^^^:)5 

7ji»SLlit®^^S:^fc. P;&« 0.025%iBLT-CH. 
PXStcJ;S3Xh±#*«:*:#<. SfcjSDltt'beT-r 
^, — miO%SraA-£)i:. Mat=>X hli^lTL-Tfe. 
lraXl4©i^Yfc:^«:*C^Vi. 8!oT. 0.025%etJiO. lO^JBA 
50 T{CfE3£T-&. «3JC^LfcJ:-5lC. Inxl4©^;&>^. 



—783— 



(8) 



13 



L<«, 0.04%et±0.06%eiT-tf*-5o ^' 
[0 0 4 4] N : NttCra«<S(.i7&j&W*UV^. «FlCNb 

[0 0 4 5] Al : AHi. f^SjKlfi«©JjnXtttC*-||-Cife 

&^m&.±.(D{&y\5.u7. h±#^fcfce.-rfc6±is&o.o2 

to 0 4 6] Ti : Tit)Al|B|«|oastcJ;D0.02%£ATT 

0. ooi%aTTa&^o 

[0 0 4 7] Zr : Zr-fcAK Ti|Bl«(^Si(c J; 00.02%£t 
TTfe^. liSb<« 0.005%£tTTfe-5. 
[0 0 4 8] Nb : Nbt>*^?qjC t -^Ta^/iTCsSO— O 

JC*5VJT. Ti. Zr. Al<DJ:5;ft^lS«)^fl:7cSlTtt, 20 

\z. Nb^iinsuc, Ti. Zr. km^^^moa-^ti^t m>m 

Wi(Dm.L^}^±.(Dtzeb. Ti. Zr. Al«Wtg/^KO<B< K 
^b, Nbtt C+N©13<&eiL±©^in*ijg:>S-eS)-5= 

I', iesjaiB*«)inj±®fcje>. o. 35%tA±^iin-r-5. 

T, ±mt: 0.6%t-r-2), »*L<«0.40%~0.555S, 
[0 0 4 9] TieiC(4) (Pa)/5« 

i5. Jrax/i^^— ^J'— 75n6.5$-^A-5><h, Jnxttro^^'fb 

tJEoT, iDX/l^;^— — (Pa)«im±16.5JEtTtC 40 
S^T^. M*b<«. 13£A±15.5£iT-CJ&^o 
iC(4) Pa =Cr+ 3Si+ 4Nb+Mo+Cu-50(C-HI+f) -Mn 
-Ni-Co 

(1) *^&Ef^MfficO0'Cv'-v;Hf-®iRx:^;U=^ 



Mo. Cu, Ni. 



14 

Col^. Mo. 



!|*M¥8-3 6-9 8 



Cu. Ni. Co^irajHCDS 



[0 0 5 0] •A\zmsutm(r>Wi^m^^m^^, 

Cu. No : j8iiaiH*<DlRl±, il5Mie#!|^tt<D|Sl±G5fc«e)^ 
SnLTfeiVi, ■?-0^:*«^t5§-ATJ:<. MoT 0.1 

e>, MoCD±K*3%, CuOiEHi %»;:[E:e-r-5. 

bti*BH»aM03&«0.53S~ 2.5%ra&D, Cutt 0.3S^~ 0. 
6%. ±OMSb<«, Mo*t 1.0%~ 1.596, Cu:*« 0.4 

[0 0 5 1] Ni. Co:Ni. Co. «V^-m%>?§Sgt!CDW14 

4(D«-^t|^iltbfco Ni, ColSiSffi;^7C*T*-5*^e, 
Nlttl%tC. Co«0. 5%tC±[E^^Sf ^. line CD 

SDbTt>J;Vi. a*L<tt, Ni 0.5%e4T, Co 0.2%£t 

[0 0 5 2] 

[iijs««i] &s'rm^m\z^y). ^^\z:i(Dmm^M,w-^ 

a 1 ~9lC^LfcJ:5;iffi.J*<D39A ~ Z, FA, 
FB. RA, VA. ZA (*^HJSI) *3 J; I/t^f i ~ 2 5 (Jtfe 
93) 43j:tmfflffl Sl]H409L$*^^«P^t?^«L, 30kg 

«Hia«ii{CJ;027iiimJ?{Ci888b, 
^::^tral^SS(SRT) 5rl250'CtLl^rBl)EMlCj; D 2iiimiS 

{cbfc. ;i;i-effiM:^(RitcMit(ry >y^^Ano*CT>' 

•\';Hf-«^#ttS:P-<:fc. ^fcNb^^iltt 980-0, Nb 

A^e, *ia-p©ffi3^;)^fR]ro#t;i:YSi:, 700, goot:® 
sec, 830*0. 93o*c, Txxmmm^UM^c^^m^it 

[0 0 5 3] il!iMi&$#1ifFffi(t, 2iii]iitx2iiimwX30iiimL 

in^m^^x. mo'km.mz s^j-sml. 700'c-c 
[0 0 54] 1 ~ 9 -cf^«e?);iit#tts?geb& 



-50J/cin2 et± 



(2) f^]S«|&ES©»I^, YS 

(3) m&mws.<D TiG^«#tt 

(4) «i®ei«iESo 700t:wii5MW:^ 

^®j^|i£ffi© 900"Croii5ta»:^ 

(5) ^jijftiiEs© 930^:, 200 mm^<Dmikit^ 



34%fi(,-h. 350MPaJ&lT 

SBH409L CD-5-ncD 2f&tA± 
Sl)H409L (D^tKD 2mUS. 



>IS0OCI0:<JP 4O8003698A I > 



(9) 

15 16 

mmrn^^^ si]H409L(Z)?&®fliiiE«©WKfl;tt« ssot:, 2oo^Bg« 
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(6) 700'CO^S:ffiS!lttt 
« 1 ~ 9 tC^bfcJt^ai 1 ~ 2 5 «ti-rn56^©fiE^J'*i2f: 
^H^Ol5ffli1-T?feO, ±5ECD(1) ~(6) ro#14or>i^ 

£1 



SUH409L iDSL<Sn-5 
[0 0 5 5] 

E 1 (c&trrN b + x^^mmn^ 

(X=Ti.Zr.AI) 







C 


N 


Cr 


Nb 


T i 


Z r 


A 1 


S i 


Mn 


P 


Nb 
C + N 


E I 
C50 


(♦1) 
(1) 


Pa 

(2) 




A 


0.013 


0.010 


14.8 


0.48 


0.010 


0.006 


0.006 


0.77 


0.33 


0.031 


20.9 


3 6 


O 


o 


in 


B 


0.010 


a 013 


14.5 


0.41 


0.004 


<0.004 


0.004 


0.B5 


0.35 


0.033 


17.8 


3 6 


O 


o 




C 


0.OO9 


0.011 


15.2 


0.43 


0.009 


0.009 


0. 019 


0.81 


0.33 


0.035 


21.5 


3 5 


O 


o 


m 


Y 


0.009 


a 014 


14.8 


0.49 


aoo4 


0.007 


<0.004 


0.80 


0.30 


0.036 


24.5 


3 8 


O 


o 




1 


0.012 


a 014 


14.9 


0.44 


0.091* 


0.011 


a on 


0.79 


0.33 


0.037 


16.9 


3 2 


O 


o 


it 


2 


a 012 


0.012 


15.2 


0.47 


0.16 • 


a 009 


aoo9 


0.83 


0.35 


0.031 


19.6 


3 1 


O 


o 




3 


a 010 


0.011 


15. 1 


0.48 


0. 019* 


o.o3r 


0.011 


0.85 


0.33 


0.035 


22.9 


3 2 


o 


o 




4 


0.013 


0.012 


14.9 


0. 5] 


0.007 


0.011 


a 07 " 


0.85 


0.35 


0.033 


20.4 


3 2 


o 


o 




5 


0.008 


0.009 


14.7 


0.40 


aoii 


0.33 • 


a 009 


0.83 


0.36 


0.033 


23.5 


3 2 


o 


o 


409L 


0.006 


0.007 


11.3 


_ • 


a25 ' 






0.35 


0.51 


0.023 




3 2 


X 


X 



[0 0 5 6] 



a 2 dmimmLom^i^^^m^m(mv^ vscRis-rNbos^ 







C 


N 


Cr 


Nb 


Nb 
C + N 


S ] 


Mn 


p 


E (J/CB*) 

at or 


£1 
C» 


YS 
CMPa) 


(I) 


Pa 
(2) 

5^ 




D 


a on 


0.013 


14.0 


0.42 


17.5 


a85 


0.05 


0.033 


2 0 3 


3 7. 


27 3 


o 


o 




B 


0.010 


0. 013 


14.5 


0.41 


17.8 


0.85 


0.35 


0.033 


1 8 5 


3 6 


2 9 4 


o 


o 




E 


0.005 


0.007 


14.3 


a 48 


40 


0.83 


0.32 


0.029 


1 B 3 


3 5 


3 0 5 


o 


o 


m 


F 


0.006 


aoo5 


14.8 


a57 


51.8 


0.81 


0.61 


0.041 


1 4 1 


3 7 


3 1 8 


o 


o 




G 


0. 015 


a 013 


15l2 


a55 


19.6 


0.79 


a65 


0.031 


1 2 3 


3 7 


3 1 3 


o 


o 


it 


6 


0.005 


0. (X)5 


K2 


a 69* 


65 


0.75 


0.60 


0.031 


3 3 


3 4 


3 3 6 


o 


X 




7 


0.019 


0.010 


14.3 


o.7r 


24.8 


0.83 


0.55 


0.029 


3 9 


3 5 


3 3 9 


o 


o 


m 


8 


0.002 


aoo3 


14.2 


o.9r 


182 


a83 


a 51 


0.033 


1 4 


3 2 


3 4 5 


o 


X 




9 


0.015 


a 013 


14.5 


0.93' 


33 1 


a79 


a 78 


0.031 


1 4 


3 3 


3 5 0 


o 


X 


m 

409L 


0.008 


0.007 


1L3 






0.35 


a 51 


0.023 


2 8 0 


2 B 


2 3 5 


X 


X 



(* ^ I/- ANITAS C <h^^) 
m2<r>m D. B. a p. a 5--9 tlt*#n4>. AKO.02. Ti<O.Oi Zr<0.02 9t%X'$>'^tu 



[0 0 5 7] 



[^3] 
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(10) 

17 18 

£3 »m8m(omr{s^xfimimmL&mRmi-t?<oi^ 
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C 


N 


C r 


Nb 


Nb 
C+N 


S i 


Mn 


P 


E CJ/cn') 
at O^C 


E 1 
(JO 


YS 
(MPa) 


(*1) 
0) 


Pa 

(2) 




H 


0.007 


0. Oil 


14. 1 


0. 45 


25. 0 


0. 80 


0. 55 


0. 026 


18 5 


3 5 


C 9 4 








B 


0. 010 


0.013 


14. 5 


0. 41 


17. 8 


0. 85 


0. 35 


0. 033 


I 8 9 


3 6 


2 8 6 








I 


0.013 


0.009 


14 5 


0.48 


21.8 


0.84 


0.49 


0. 042 


1 9 0 


3 7 


3 0 6 


o 


o 




J 


0.009 


0.011 


14.6 


0.4B 


24.5 


0.85 


0.52 


0.058 


1 7 3 


3 7 


3 0 2 


o 


o 


m 


K 


0.011 


0.008 


14.9 


0.41 


21.6 


0.88 


0.50 


0.065 


1 7 9 


3 6 


2 9 8 


o 


o 




L 


0.013 


0. 014 


R2 


0.44 


16.9 


0.83 


0.50 


0.078 


1 25 


3 4 


3 0 1 


o 


o 




M 


0.007 


a 010 


14.4 


0.4S 


2a8 


0.84 


0.51 


0.089 


9 8 


3 4 


2 9 3 


o 


o 


it 
































10 


0.008 


0,007 


14.3 


0.45 


30.0 


0.85 


0. 45 


0. 121- 


5 5 


3 1 


3 0 6 


o 


o 

































^3C« a a 1, J, K. U H 10 «l^mt>, TKO.02, AKO.02, Zr<0.02 wt^T?*)-^^ 
[0 0 5 8] 



^4-1 



(Pa) t^m^mowxf. jS^iHo:^'-"ora^ 







c 


N 


Cr 


Nb 


S i 


Mn 


Mo 
Cu 


P 


E 1 
(1) 




(*2) 

Ob if 


(M) 
(0 


Pa 

(2) 

(3) ^ 




N 


0.005 


0.004 


6.2 


0.45 


1.55 


0.35 


Mo/2.03 


0.043 


34 


a 


o 


o 


11.73 




o 


0.003 


aoo4 


6.3 


0. 51 


1.94 


0.31 




a 044 


34 


a 


o 


o 


11.30 




p 


0.007 


0.011 


9.5 


0.54 


1.03 


0.35 




0,040 


3B 


a 


o 


o 


11.50 




Q 


0.006 


0.007 


11.4 


0.51 


0.82 


0.35 


Uo/1. 12 


0.045 


37 


a 


o 


o 


ia77 




R 


0. 005 


0. 005 


11. 0 


0.55 


1.02 


0.31 


Mo/0.52 


0.050 


38 


a 


o 


o 


14.37 


m 


I 


0.013 


a 009 


14.5 


0.48 


0L84 


0.49 




a042 


37 


a 


o 


o 


15.25 




S 


0.010 


0.011 


15.7 


0.48 


0.61 


0.40 


Ho/a 51 


0.041 


34 


a 


o 


o 


16. 46 


m 


T 


0.006 


0.008 


11.5 


0. 51 


0.85 


0,04 




0. 051 


39 


a 


o 


o 


12.80 




V 


o.on 


0.013 


15.7 


0.48 


0.67 


0.40 


Cu/0. 31 


0.061 


37 


a 


o 


o 


15.29 




Z 


0.013 


a 010 


11.4 


a 42 


0.81 


0.05 


Cu/0.41 
Mo/0.51 


0.051 


37 


a 


o 


o 


12.68 



it\ytm§^ . . • V = eOOnn'min 
(TIC) I = 200A 

^Wsiy-n^ ISl/nn 
a5<0(a) tCq^^a 



(*2) O ' ' -mnUL (»3) a 

X • • 'Sin a' : v-^r- y-t-r hffil6 

(*4) oliv ^(^mfomj}^ (u ^^sie-rsc<i:^^-rc 



^4-10« N, a P. 0. R. I. S. T, V. ZWVi-rtife. Ti<0.02. Zr<0.02. AKO.02 wtJ^-e^o/tc 
[0 0 5 9] 40 [S53 



ISOOCiL <jl__408003698A__L> 
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^4-2 



(11) 



(Pa) tm^mmm^i^. ^imissn&L'' 



8-3 6 9 8 



20 





IS 


C 


N 


Cr 


Nb 


S i 


Mn 


Mo 
Cu 


P 


E 1 


C»3) 


wi * -EC 


(*4) 
<i) 


Pa 

(2) ^ 




11 


0.013 


0. 009 


6.2 


0, 45 




0.36 




0. 042 






X 


o 


7. 5* 


it 


12 


0.004 


0.005 


9.4 


0.48 


0.63 


0.35 




0.041 




a + a' 


X 


o 


10.3- 




13 


0.012 


0.011 


9.3 


0.50 


ass 


0.33 


Mo/0. 82 


0.046 




a + a' 


X 


o 


10.8* 




14 


0.002 


0.003 


14.3 


0.55 


0. 83 


o.:s 




0.031 


33 


a 


O 


o 


17, 3* 




15 


0.008 


0,007 


15.9 


0. 45 


1.50 


0. 33 




0. 050 


31 


a 


O 


o 


18.7* 


m 


16 


0.035' 


0.013 


14.3 


0.45 


0.81 


0.35 




0.042 


32 


a 


O 


o 


13.6 




17 


0.012 


0.009 


15.3 


0.42 


0.91 


0.93* 




0.041 


32 


a 


o 


o 


15.6 




18 


0.007 


0.005 


6.5 


0.51 


2.31* 


0.73 




0.041 


33 


a 


X 


o 


12.0 



,inmmk¥F - - ■ v = eoownin 

CriG) I = 200A 

3?4-2C7>« ll-'lStilv^nt). Ti<0.02, 



[0 0 6 01 



^5 



<*2) O ' ' 'tUiUL (#3) a ::7i5^hffii^ 

(♦4) otix 'ecDiiofflB&&<, (1) ^^je^a-rsci^r^-To 

AK0.02. 2r<0.02, wt%-e*>o/Zo 
* * [*6] 







C 


N 


Cr 


. Nb 


S i 


Mn 


Mo 
Cu 


P 




(1) 


Pa 

(2) ^ 

(3) ^ 




Q 


0. 006 


0, 007 


11.4 


0. 51 


0. 82 


0.35 


Mo/1. 12 , 


0. 045 




o 


o 




I 


0.013 


0. 009 


14.5 


0. 48 


0.84 


0. 49 




0.042 




o 


o 




L 


0.013 


0. 014 


14.2 


0.44 


0. 83 


0.50 




0.078 




o 


o 




F 


0.006 


0. 005 


14.8 


0. 57 


0. 81 


0.61 




0. 041 


M 


o 


o 


m 


V 


0.011 


0.013 


15.7 


0. 48 


0. 67 


0. 40 


Cu/0. 31 


0. 061 




o 


o 




Z 


0.013 


0.010 


11.4 


0.42 


0.81 


0. 05 


Cu/O. 41 
Mo/0. 51 


0. 051 


m 


o 


o 


it 


6 


0. 005 


0. 005 


14.2 


0. 69* 


0.75 


0. 60 




0.031 




o 


X 




7 


0.019 


0.010 


14.3 


0.72' 


0. B3 


0.55 




0.029 




o 


o 


1 ^ 


19 


0. 010 


0. 021- 


14. 1 


0.51 


0.80 


0.50 




0. 049 




o 


o 




20 


0.017 


0.025" 


16.0 


0. 66* 


0.33 


0.32 




0.034 




o 


o 



S5(2)^ Q. K L F. V, Z. 6 — 20{iV^-rnfcs AKO, 02, TK0.02, Zr<0. 02 wl%T'*>o/:;o 

(*i)0{ix "tcomomm^. ^n-rncDxt^rSisf ^-t^r/irrc xti. s;ossffln-c*^o 



[0 0 6 1] 



40 mi] 



^787= 
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(12) 

^6 ^ms^m<^mmti iup 
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22 



N 
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